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LABORATORY PREPARATION OF LIGHT VALVE SAMPLES 
Day Chahroudi 

INTRODUCTION 

Thennally activated light valves may be prepared as alayered structure confine 

sandvflched between the cover layers. This optically active layer may coreist of ! ™f™r 
soluuon where the polymer reversibly precipices U £n heating^o ^cSi?iS2S? 
auZfrl fi^ 8 ?^" ^^vent pair (see US patefts 3,953 ^^5,37^2^ 

v r „ as 

In order to achieve a particular "desired switching temperature for a lieht valve it k 
poss.We to mix two monomers: one whose polymer switches above the deseed e^ratae ana 
theother a monomer whose polymer switches below the desired temperate Sffn 
propornons such that the desired switching temperature is achieved Tf ^ Wr 

temperate monomer has too low a switching temperature (eg. by bring W^olvl^hS 
* may not be solubte enough to be of use. The switching temperature of Su^ can 

JT a T Ul ?n d ty C ^ gin8 * e SOlvent For exam P ,e - Solving som^uXan^cth in a 
water solvent will lower the switching temperature of the polymer/solvent JrtZ 

a ™ a iiY Y T COP °i ymer is re< J uired for valve to switch "sharply" that is over 

a small temperature range. The pairs of monomers must have similar polymeri^tion rates a^i 

copolymer m the solve*. Thus, if the seal between the two sheets of eoverXTS^Z^ atS 
solvent evaporates the switching temperature of the light valve will drift T eZ^ToT, 

switchmg temperature on cooline This wnnM H*> i, MB ,if u • \° 8 gner man the 
but is a problem for light valves ™ "W** com P ute ' memories, 



PROBLEMS WITH PREVIOUS PROCEDURES | 

ch ^c ^ OUSly val ; e were P^pared by filling between two closely spaced 

sheets of glass with an optica y active aqueous polymer solution, m order for the polymer 
so hiuon to turn from a viscous hqmd to a weak solid, or "gel", the polymer was crosslink^ after 
filling by the previous add-on of a redox catalyst pair, such a£ sodium hypophosphite and 
hydrogen peroxide, and a crosshnking monomer, such as methylene bisacrylamide (MBA) T^e 
catalyst creates free radicals which transfer to the MBA to activate it, and which also abstract 
hydrogen from the polymer chain, thereby making sites for the MBA to covalently bond to the 
polymer chaia Since the MBA is Afunctional, it covalently bonds to two polyme? chains ^ 
crosshnking them o form a solid gel, with the polymer chains still in solutioT ExanSesTf 
optically active polymers used for this purpose include poly N vinyl caprolactam, and poly N 
isopropyl acrylamide, both in aqueous solution. . p y 

In order for the optically active layer to have adequate mechanical properties the 

^LT^Z m ^ 0% ° r r ater A Pr ° blem ^ above P 01 ^^ £that'even 
7™Z KmlTr ^J 0 ^*™ **" W M 1ow " a PP'oximately 50, as determined by dialysis, (the 
lower limit for obtaining adequate crosshnking for gel formation), the viscosity of a 30% 
polymer aqueous solution is 20,000 centipoise. This high viscosity makes it slow to remove 
atmospheric oxygen from the polymer solution. When filling the 1 to 3 millimeter thick cavity 

STSS^i WK C T? heetS ° f 8laSS j ° ined t0gether at Aeir ed * es * a na ™w ^P of sealaS 
0*e Figure 1), this high viscosity prevents a rapid filling operation. If the filling pressure of the 

polymer solution is increased in order to obtain a reasonable fill time, this high pressure breaks 

nn^r' 7? remf ? rcin8 1 C,amp is Further » *e ^on fails, and the 

polymer solution leaks past the seal near the fill port. 

Catalysts for initiating polymerization, or crosslinking, or gelling, or curing mav be 
unsatisfactory for the following reasons: Ultraviolet light activated photofnfti^ 
with glass cover sheets because glass is not transparent to the wavelengths (typically the mercury 
emission line at 316 nanometers) required to activate most UV photoinitiators. Visible IigK 
activated photoinitiators are unsatisfactory because they are slow and also because their reaction 
products generally impart to the light valve a yellowing by sunlight. Organic peroxide catalysts 
generally require accelerators such as organic cobalt or vanadium compounds, with tertiary 
Sl^f ™ eSe acce ^ators generally either themselves yellow in sunlight or cause me 
polymer to yellow in sunlight. A redox catalyst system of ascorbic acid/hydrogen peroxide 
exiubits excellent properties except that the ascorbic acid reaction product tuni yellow in 
125 J2?7 * T lbW */ epkCed 3 ^Phosphite salt £ the reducing agent tha" 

m T fl lTSi 6 J*Z ° 8e ? PerOJUde , OXidi2ing agent ' me y ellowin 8 is solved* but the 

time after filling for the solution to gel is extended to 3 hours, which is not satisfactory. 

NEW PROCEDURES AND MONOMER SPECIFICATIONS 

with ev^ «W h ° btai \ rapid 511 ^ gel rates, a new approach was initiated. Since a polymer 
with even a low degree of polymerization is too viscous for rapid filling, filling with an aqueous 
t t2 of monomer was tned, so that both the polymer and the crosslinks would be formed 

£t 2te£S£ o? 50. sheets - Viscosi1y decreased * a factor of which 
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The N vinyl caproJactam monomer with a water solvent was not suitable for this new 
process due to its limited solubility in water at room temperature, and also due to its very slow 
polymerization, which must be driven by harsh conditions. The N isopropyl acrylaraide 
monomer, although it polymerizes rapidly and completely under mild conditions is also 
unsuitable for this new process, due to its limited solubility in water (both of these monomers are 
solids at 20° C). To make this rapid fill and gel procedure possible, monomers must be 
molecularly designed to fit the procedure, which defines the first two of the Monomer 
Specifications. 

For light valves which switch, for example, within the range of 25 to 30° C, the 
copolymer/solvent pair is chosen where the copolymer precipitates within that temperature 
range. However, if the polymer is formed by the polymerization of an unsaturated monomer, as 
is usually the case, then this vinyl unsaturation wili make the monomer slightly more 
hydrophobic than the polymer, which does not have the unsaturation. This means that the 
monomer will be less soluble before it is polymerized. This solubility difference makes it 
difficult to find a monomer which bom exhibits precipitation on heating when it is in polymer 
form, and which is also soluble at temperatures below the precipitation temperature of the 
polymer. This difficult requirement generally implies that the monomer is a liquid at 20° C 
below the precipitation temperature of the polymer, thus increasing its heat of solution and 
solubility. 

The polymerization process, occurring in solution, is exothermic, thus heating the 
monomer solution during polymerization. However, if the polymerization occurs above the 
switching temperature of the light valve, the optical properties suffer: the switching from clear to 
white is less sharp; it occurs over a larger temperature range, and there may be a permanent haze 
when the light valve is in its clear (or transmissive) state. For this reason the monomer solution 
can be cooled to approximately 20° C (for monomers with conjugated unsaturation) below the 
switching temperature of the light valve during filling and polymerization/crosslinking. 

A desirable monomer pair and solvent for preparing light valves with this rapid 
procedure must meet all of the following Monomer Specifications: 

• The mixed monomers are at least 35% soluble in the solvent at a temperature enough below 
the switching temperature of the corresponding copolymer/solvent solution that the heat of 
polymerization does not raise the solution's temperature to the switching temperature. 

• Polymerization is rapid, complete, and repeatable. 

• Forms a fairly random copolymer which reversibly precipitates from solution upon heating to 
the desired temperature. 

• Has no strong but reversible bonds between the copolymer chains in solution (eg. Hydrogen 
or solvent phobic bonds), besides the intended irreversable covalent crosslinks, made to form 
a gel. 

• Forms a copolymer which does not react with the solvent, oxygen, or sunlight. 

• The copolymer gel, when below its switching temperature, should exhibit high optical 
quality, without haze or yellowing after accelerated aging and field testing. 

• The copolymer gel must be non-toxic. 
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NEW MATERIALS AND RESULTS | 

There is a class of monomers, many of whose members satisfy all of the above 

fT^T™. *f y ^ ^ ^ M Ae SOlvent: the N aery aimdes (sle 

Figure 2). The general structure for some of these monomers is shown, along with 7 examples of 
monomers of interest. The subscripts A, B, and C indicate the number of m^eToups il 
the monomer and their locations (although acrylamide monomers with satisfac^ S 
T Wlth0Ut c meth y lene groups, and some monomers which are not acryL^ may 

satisfy the Monomer Speculations). The sum A + B + C indicates the hydrophobic Uy o Z 

A+Trl t the WlU f * * f ° mS - A 800d candidate ^^ide monomer should have 
A+B+C between 3 and 5 for a light valve switching near 30- C, and should also be liquid at 10° 
C, which implies that neither A nor B are zero, in order to avoid a polar amide hydrogen which 
meta fjES C 8 P ° mt ° f m ° n0mer ' 38 iS ^ ^ ^ N WoPvl acrylamiS which 
The first example monomer, DEA, has a switching temperature of 30.4° C in water (see 
Figure 3). In order to increase the switching temperature of polymerized DEA, some of the 
second example monomer, DMA, is substituted for some of the DEA. Figure 3 shows that 
substituting 1.5% by weight DMA for DEA increases the switching tempSure t 33°^ 

STTSaSSSJ 0 ^ 7*55? temperature ' some of * e *ird sample monomer; 
TEA, is substituted for some of the DEA. Figure 3 shows that a 2% substitution of TBA 

decreases the switching^ temperature to 24.3° C, while 3% TBA lowers the switching 

2EtL 6 ^ A u°? n0t Satisfy a " ° f Monomer Specifications because h! 

tertiary butyl group is extremely hydrophobic, and thus forms strong hydrophobic interchain 
bonds. However altiiough the TBA and the MBA crosslinker are poorly soluble m wateJXy 

Et'S??' S i "I the , DEA { wat ? r sohrtion be ^e the DEA^uJles them into sohiS 
due to then similar acrylamide molecular structures. Since not more than 3% TBA is used,te 
interchain bonding and low solubility are not problems. 

monnJ? 6 T *?f ement for ra P id ^ polymerization and crosslinking of the aqueous 

monomer solution argues for conjugated unsaturated monomers (such as substituted 
acrylamides) activated by a redox catalyst system. These catalysts swing into rapid action 2 

Snll r ! ne ^ 8ent S ° Ut,0n and * e oxldi2iD g a S ent sM ™ « ™*ed A further 
advantage of most redox catalysts is that the time for the polymerization and crosslinking 
reactions may be adjusted by adjusting the initial pH of the aq^us monomer solution. A 
satisfactory redox catalyst system consists of persulphate/metabisulphite. This system and ks 
eaction products (eg sodium sulfate) exhibit no absorption of solar ultraviolet ligh? and 
herefore cause no yellowing of the optical switch in sunlight Further, a 0.0$% sokLi of 
sodium sulfate undergoes no reactions with the polymer or the cover sheek With an initial pH 
of 8A a polymerization or gel formation, time of 10 minutes is obtained at 10° C. This is a 

32? Sir Z T aUSC '! ,S f Sh ° rt 88 " pOSSibIe ' ^ most <> f Polymerization still taking 
£EL?1- ™T* ° f fiUing Wth *• monomer solution. If too much 

SotSrni ° CCmS 1,8 & *" Switching tem P^ture and other optical properties are 

The formulation used for the light valve samples shown in Figures 3 4 and 5 is 35% 
monomer (consisting of DEA + DMA or TBA) / 0 .07% MBA + *a04% eacTof odium 
persulphate and sodium metabisulphite + 0.07% pentamethyl piperidone, a hindered amine 
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sunlight stabilizer which harmlessly decomposes free radicals, and then regenerates itself. The 
optically active gel layer of these samples were 2 millimeters thick. 

Figure 4 shows the switching temperature of light valves with different concentrations of 
copolymer in water, to simulate the effects of a ruptured seal with consequent loss of water It 
may be seen that when the polymer concentration changes from 30% to 40%, the switching 
temperature changes only 0.7° C, which is a satisfactory performance. Figure 5 shows a light 
valve subjected to accelerated aging at 70° C and 100% relative humidity for 8 weeks. The 
switching temperature changes only 0.4° C, which is satisfactory. 



LABORATORY PROCEDURES 

After the two sheets of glass have been cut to size, and their sharp edges removed (called 
"seaming" the glass), the untinned side of the glass is washed. First the glass is scrubbed in a 
soap solution, such as 0.5% Alkonox in deionized water. Then the glass is rinsed in deionized 
water. Next the glass is soaked for 10 minutes in a hydrochloric solution with a pH of 2.0. The 
purpose of this mild etching is to remove the sodium and calcium ions from near the surface of 
the glass, so that the polymer may be bonded directly to the more durable silica portion of the 
glass. Hydrochloric acid is used because both sodium chloride and calcium chloride are soluble 
in water. Next, the glass is rinsed again, and then dried. 

After drying, the glass is coated with a silane coupling agent, which later will covalently 
bond the polymerizing polymer chains in aqueous solution to the silica surface of the glass. The 
silane which has been found to work best is vinyl trimethoxy silane, prepared as a 1% solution in 
methyl alcohol which has been dried with a molecular sieve. The pH of this solution is adjusted 
to 7.0 with glacial acetic acid: No water is added to this solution to prehydrolize the silane The 
solution is used between two and six hours after it is prepared, with older solutions discarded. 

This silane solution may be sprayed onto the glass with an airless spray gun, and with the 
solution pressurized to 2000 pounds per square inch. Alternately, an air brush may be used 
After the silane coating has dried (which is virtually instantaneous), the glass is placed in an 
oven to covalently bond the silane to the glass. The forced air oven is at 100° C, and the silane 
coating is cured for 20 minutes. 

To fill the glass/cavity/glass sandwich, the monomer solution is injected with a two 
barreled syringe. It may be preferred to use a 4:1 volume ratio between the two barrels with the 
larger barrel called part A and the smaller barrel called part B. The reducer and the oxidizer 
components of the redox catalyst pair are placed in different barrels, so that when the cartridges 
are discharged, the two components mix and the polymerization and crosslinking reactions start 
It has been found that the sodium persulphate oxidizer should be mixed with the monomer 
because when the sodium metabisulphite reducing agent is mixed with the monomer, then 
polymerization starts immediately, even before addition of the sodium persulphate solution. 

Part A typically consists of: 42% monomer + 0.08% MBA, + 0.08% pentamethyl 
piperidone, + 0.05% sodium persulphate, and has a pH of 8.0, adjusted with solutions of sulfuric 
acid and sodium hydroxide. Part B consists of 0.20% sodium metabisulphite, with the remainder 
of A and B being enough water to make A:B = 4:1. 
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«W polymerization by 

them before adequate 'and Salable ^ 

procedures for doing this: whileparts A SdB^JSL Z^"' " "* ^ ° Ut ^ 
argon, or helium, may be bubbled ZnJ^SSZ £Td B f^rT? ** 
oxygen may be removed by placing the carrirfo* ?n o ?5 10 minute S5 or the dissolved 

boiling chip placed at the bottom"! each S&L , -T? ^ d b ° i,in ^ so,utions A B. A 
Either bubbling with an inert ™ ^S^^tt*^ *U '"'^ P '° Cedure - 

Immediately when Darts AmnSnt 2 R ^ may be used 
enter a static mixJ wift S£Jr!£l2F ° f *" ^ Cartrid ^ ** 

promote turbulence and consent goTd m^ of ^ ZT A 3 — 11 * 

swirl patterns that display the flow Dattem^nf tL P ^ R Poor mixin S resulte » 
polymerized sample when ft is closTtoS^fn^ ^"T 61 " S< ? Uti ° n durin S fiffil W in ** 
end of the static mixer is Su^SS^SS^^T'T: ^ " ^^le. At the 

The unfilled samp^ Tda^^^T^f ° f ,ar8e diameter or a fil,in g *e. 
joined around their edge? by «ta£H££2^ K S - ? ° f ^° SheetS ° f ^ S 
hypodermic needle is used to fill the san^vl 2 «* /*le (see Figure 1). When a 
through the inner sealant When a die ??, * mKed parts A B > * * pushed 

fits the die precisely to avoid Tea^e S^T W& '? f " left in the inner ^alant which 
hypodermic needJmay *^*^£^£j£ t ^ ? e ^ P**, 
between the two layers of glass to escane dnL fin 1 . ° rder t0 ^ 1,16 trapped 
mixed parts A and B are injeSed SSL^SSfS m ° n0n,er S ° ,Uti ° n - Before < he 

sheets of glass must be ^move^X^^ betWeen Ae ^ 

by flushing the cavity in the sample wih ail , uTert gaT Polvmenzatioa This is done 

polymerij^flfe SSlJ^^jS^T^ ^ " 8 ^ d ™* 
placed in a 5* C cooler fc^SSi^S ^ ^ Sy " n8e COntainin e P 3 * 8 A and B ari 
after the unfilled sandwiS '-rf^ffj^S? pa ^ A ^ B ™ **«od immediately 
the filled sandwich is placed^ackTS^o^t^ 1,16 filling, 
has turned the solutionftom a HqJd to VS^^^ 10 minUtes ^ ^erization 

the *yP^ ^m the cooler. Then 
may be closed with a band of outS Z ™ . hok, 1 teR ^ me vei * needles and the fill port 

perimeter of the sa^pSSntl I foB ° 8 3 penManent seaJ around the 

hydrocarbon rubber whSht I<>W ^ saturated 

saturated hydrocarbon diiso^^ by mixing with a 

MANUFACTURING PROCEDURES 

-anufact^ 'f nded *> be an accurate model of a complete 
manufacturing « „ ot specifiedTn^ procedures, or conditions for 

Laboratory Procedures ^i^appHes ST" ^ 3SSUmed ** me ite ™ »" »e 

Steps: PP 1CS - 11118 P rocess ^ists of the following Manufacturing 

1 . Cut and seam glass. 
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a co mp L^ The W38h - ^ can be combined by mixing 

where i^Sr^SSf tot^ *" ° f ^ «"~ 
laboratory samples indicate that this Stepls rS necSs^xy ^ ^ of 

two sheets ^T^TitTT ^^Z^ 0 ^ firet * or **' between the 
by 1 to 3 millLter Seeded Se or W ** "H* 8 *^ ™h wide 
3M The tape may be applied to the X s ^e r fro m ? hf^TuT' SUCh 38 Is0tack made b * 
machinery. A second rnSbod of fo™l ^ the firsS iSSS? TTV? ^ aUt ° mated 
along the edges of one of the sheets off E^Tf" ^ ° f hot me,t adhesiv * 
the hot melt adhesive on the firTsheef S o£! w second sheet of glass is placed on top of 
which simultaneously soflet "h^fe^E ^ t^let^ 7 3 * «~ 
thus bonding the two sheets of glass together and afSinoT P he6tS ° f 81388 to g et her, 

glass precisely. Fill and vent norte 2 hT™?^? 8 s P 3c,n S between the two sheets of 
appropriate places. ^ be made by omittm S the s ^lant or tape in the 

••butterfly" Sk^^ by using what is called a 

the tape or the extruded hot mfcStaSS t JSf? * ?f S f 3Ce - 1116 sheet of with 
of the hinge is placed SI&^S^^*; ^ °" e the <*her side 
either side of the hinge are swung up to the vertical^Sinn TTS" SUrfaCeS ° f * e on 
with it. The sandwich is formed 8 when tte ^JmE^^^ 0 '^ itS Sheet ° f 8,388 
Alternately, all of the precedins stenj TmavT i^u ^ b,n8e to 3 vertical Position, 

horizontal, musobvia^ *" ^ VerticaI > ra *- than 

used. L?«T^^V. , Sh 1 ^ 0 A n Ch T" Circulatin8 -Id air may be 
placed during its coolinf S and cm on^l v h ^ ^.^s/cavity/glass sandwich is 
dispenser of fte mixed A B and S-SSSTtaSTS P° r or ^"'"g. The 

inside this cooling chamber The disneTe^ m a vcaliktod glove box, may also be 
the sandwich by hand *™ " ° r dl£ * s > be inserted into the side of 

9 The^Tf l3 ;r' th ^ ? u * e Sandwich is flushed with an inert gas 
ine cavity of the sandwich is next filled uritfi , . s 

of an aqueous solutiou of all of the ingrSs^ceoTttfz ££f Com P»»«« A' consists 
-T -sis, of au aqueous so.uoon S ^T^Z^t^C^^ 



aqueous solution of sodium persulphate PanR » ™»^„.;.,„ *,» . • . 

oxygen with inert gas bubbling C biantet Fre^ w P * Pr<4 ° ted from ^ospheric 

meter/mix also removes dissolved UtooXic SSLfSJ ^T"* 4 hOUrS ' ^ 

vacuum boil and/or bubbling wim ^ S "L ? ^ S ? ,Ut '° nS B > ^ C i "i* a 

pumps in order to maintain a Zlte rati* ** *» meter/mi * uses gear 

switching temperature of me ,S valve ^T"^ " ""^ *» * uniform 

(preferably disposable) in addition tc ^thTsStixI^n n2 ? 1X ™ y " a 

metering function of the meter/mix SowtoTnunZI I t0 , "f™ Unif ° mi mixin & The 

pumped to fill the cavity i„ thTs^vSc X TESI? * ^ V0,ume h * s bee * 

controlled digitally, where the opJ^ltJlr? StepS *' 9 ' ^ 10 ca " 

the die(s) and/or nLle(s), JCSS^S ^ *— 

from tbTs^ used to flush air 

™ e <ue(s)orneedle(s)arei^^^ d '? S) ° * ^ 

inert gas (Step 8). Then, by switching a X Se 2 ^ h flUShed ^ 

chamber^S «■ which is inside the cooling 

C ^preventing oubbl^ P-s A, B, and' 

contained dispenser are 

part A from escaping. T^S^^^^^^J^v^^ ^ m ° n ° mer in 
A, B, or C, or water! unmixed or m£c7c^Z t n £l £ & ** y CXCess of P 3 * 8 

and so is carefully stored and (bSf * lEf" 6 ' ° r the mete "™* is toxic, 

needle(s) and the static and dynaS ^ixerslfe reZ ^ ^ needte> and injector die < s > « 
or disposal. ^ X6rS ^ rem °ved from the sandwich edges for dealing 

horizon*' tiaftt^ *• tilt table is made 

reflectivity and appearance when the light vdveisSotett'.L^- \ ' f ° r Unifonn 

white. In this horizontal position, the SLrfeTs r, S?J ^mperature and is opaque 

order to increase line speed, durSg^Se ,0 ? more minUteS at 5 to 10 ° C - ^ 

between them for circuiting Tto^^^ZT^ T h °™»™y space 

analogous tomesmcldnginmeoven to c^Xsi^ Stackin * is 

of sandwiches must move with very httle v,W,v!? ( J P - } : However - m thl « ^se, the stack 
these would disrupt the formatfontfa^ fr<>m ** horizonta1 ' because 

11. The second, or outefsS I if XJS^S* 00 * *"* We " 1,011(160 « eI - 
It may be made of thTsame 2 com^nenS u* Id fo^T"* T ^ aUt ° mated machine ^ 
(see "Sealant Preparation"). AiZSelv Toy 6 in * e Oratory Procedure 

appropriate silane coupling ag^s^ t adld t & Carbon ^ silica filler * ^* 

thixiotropic, so that the ^andwSh ^ J"? Ration in order to make it 

This filler, by blocking crack P Za7atio^ a d ^ ediate,y after a PP« c ^<« of the sealant. 

elongation, and ykldstrfngth^ T^r^ adhes/on to Ae ^ elastic 

S inese i sealant components are mixed together and dispensed 
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using a nieter/mix machine which is similar to the meter/mix used for pumping and mixing the 
monomer soluton parts A, B and C except that: there are only 2 component for me 2 Z 
accuracy of the : ratio ,s not as critical; and the viscosity of the sealant is mi^ g^ter 
approximately 200,000 centipoises. greater, 

Alternately, the outer seal can be made with a hot melt sealant. For this purpose a good 
sealant is Delchem 2000, which is both durable and has low moisture permeability because Hke 
the above sealant, ,t is a saturated hydrocarbon; and it covalehtly adheres and c£SdiI£ 
upon exposure to atmospheric moisture. An advantage of this sealant is that because U is a hot 
melt, ,t is not necessary to wait for crosslinking to occur before it is safe to handle the samole 
This sealant was developed to keep water vapor out of sealed insulated Window^ HoTrn^t 
^"^0^ ^ 8 aPPliCat, ° n »» fr0m a ta — ^^on pump ulader 

Steps 7, 9, 10, and 11 do involve a small amount of hand labor, which is acceDtable 

£"55 ? eS 2 teP L COUld bC r " y aUt ° mated AIm0St 3,1 of *• -anufac^ e^ti 
required for the above procedures is commercially available, but is being used for other 

purposes. Almost all of the above Manufacturing Steps are either identical with or dmHar to^e 

operations which are performed during the automated manufacture of sealed insulated windows 

mcluding Steps 1, 2 5 6, 8, and 1 1. The additional Steps and equipment are: Ae snleTp^) 

and its oven cure <4), the cooling chamber (7) with its tilt table (10) and filling wim the 

meter/mix (9), using a glove box. Therefore, the easiest way to bu ld L machmefvTo m ^ 

nT^^/f Valv V andwicheS is to ada P<> ™*%> aid add on to existinTaJom^ 
machinery made for manufacturing sealed windows. 

CONCLUSIONS 

A rapid preparation process for light valve samples is made possible by using a low 

r h C «°,X qi,e0l f S0, i t,0D ° f 3 ^ ° f raolecular, y Signed monomersfsuch as for example N 
substituted acrylamide monomers with low melting points, and an acrylamide crosslfnkmg 
monomer, all of which, after filling the glass/cavity/glass sandwich, are polymer^ wiX 
previously added redox catalyst pair of persulfate/ metabisulphite. A coherent^ of pToc^dmes 
™S ^STTf-fi ^nditons for preparing light valve samples Were described. These 
samples perform satisfactorily regarding: range of switching temperatures available, narrowness 
of switching temperature, opacity or reflectivity when switched off (white), light transmission 
with switched on (transparent), uniformity of switching temperature, minimal drift Sc 
temperature and absence of optical defects, haze, or yellowing after accelerated aging wft^ he* 
water loss, or concentrated solar ultraviolet light 

tmckc a ^!ri e i°n w" 8 8 1 S ^ ar % meter glass/cavity/glass sandwich with a 2 millimeter 
tfnck cavity ,s 1 minute (improved by a factor of 50), and the time after filling for the monomer 
solution to form a gel is 10 minutes (improved by a factor of 20). Since filling andTelZ wete 

***** im P™* malfe posfible a 



SEALANT PREPARATION 



INGREDIENTS 



I 



Kxaton L-2203 (K) from Shell Chemical, Poly bd Epol (E) from Mitsubushi Chemical, 

Vestanat TMDI trimethyl hexamethylene diisocyanate (T) from Oeanova,£/»o*y Cyc loKex// 

«11>y/ trimethoxy silane (G) from Gelest, pentamethyl piperidinol (?) from Aldrich, and 

Fomres UL-28 dimethyl tin dilaurate (D) from Witco. 

MOLECULAR STRUCTURES 

The struotw esjfer K and E are approximate; Hydrogen atoms attached to carbon atoms 
are not shown. . 

K: (-c - c-c -c- c-) (-o-H\,„ 

C 
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MOLECULAR DESIGN 



hydrocarbon backbone ^s ZZ^^t^ 0 ^ J^ Ctional ^ The flexible 
provides high resistance to ttLS 3^ 52^^^^^ ^ Saturation 
permeation. The groups protruding ^'f Ilfiht ' h ^y«s. and water 

close packing of the chains and ut« ^1^^ nndoBI 10Cations *>™™ 
sealant polymer a rubber, rather iST&^rS^' making 1,16 cross linked 
both of these high viscosfty liquid p^W^K SdFvT^ ^i 1 .? 01 *"* a »°ws turning 
them into a three dimensional net Stoe t } ^ rabber * ^osslinkin| 

gives rapid and complete c ros « e td ^J emun ^ocation of the functionality 
modulus and elongation of mr se ^fr Skater mechanical strength. The elastic 
its functionality gLer tnan 2, ^Z^SS^jT^ * V * * 
and E,e relatively -pensive bemuse ^ * 

chain 3 S croSn^^ fimctionality of K and E to form the 

reacts rapidly at room teinperamre^nd iTafJ *TJT T**" " Ch ° Sen because * 
because it is also based on a ""fr "* 

soluble in K and E and also increase the ^ 

.socyanate groups from associating due to then- ™1 ^ ^ preventin g *» cured 
of stoichiometric to compensate for adsomt ton ^ ^ amMUIt to T is 105 % 

during compounding, ^rag^ an cu£ ^ with atmospheric moisture 

functionality. Stoichiometry * basTd lon^ h ; cbwould deactivate its isocyanate 
The excess T also he,ps aSesfon^s higSy ^cl^Z^^ ° f * * ^ P ' 
so that skin contact, but not inhalation, mS^oi^ at 2 °° C ' 

Sa^ reacts with the hydroxy 

functionality on the surface of glassed stdnSsTstotT ^ ^ 

s P oiar^r e ranT and ozone created by 

functionality reacts with Tto Sentiv bonH^ ?™ ™ lar ^gradation. Its hydroxy 
leached out over time. The 7ZZ 2^1 " ™ fte P 0, * mer » « cannot be 
acting -'thT, w W chwouldde^yT^xt * ' ^m 

'-at^^ of K, E, and P. The 

make this reaction rapid JS^^^£^^ due * their small size, 

Approximately 10% Carbon powder or flumed silica. ^ :u 

treatment, may be added tc i improve Sl„ ^ Wlth appr ° priale siIane surface 
increased viscosity P W, ° D 811(1 tear tat at the cost of 
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COMPOUNDING | 

For a static mixer of parts A and B to work well, the ratio of A to B must not be greater 
than 4:1, and the viscosities of A and B must be similar. In order to minimize viscosity 
for ease of handling and application, a 4 parts A to 1 part B ratio with the following 
formulation is used: 



Part A, percent by Part B, percent by 



mol 


weight 


mol 


weight 


K31.1 




E 6.5 


12.8 


E 7.5 


14.8 


T49.2 




G 3.8 


0.5 






P 1.7 . 


0.2 






D .2 


0.06 







The G, P and D components are made up as 10% solutions in K to insure that they are 
dispersed evenly throughout the Part A. The P requires heating K to 70°C to dissolve. For 
Part A the components are added sequentially with mixing in an airtight container for one 
hour. The part B is mixed vigorously in an airtight container for 4 hours. During the 
mixing of part B, the E and T react to form a relatively low viscosity prepolymer. 

PERFORMANCE 

The viscosity of A and B are 15,000 and 10,000 poises at 20°C. When stored in air and 
moisture-tight containers, the parts A and B have a shelf life of 3 months at 20°C. When 
used with a 4:1 syringe cartridge and a 10 element static mixer, the sealant has a working 
time of 10 minutes, a green strength time of 1 hour, and a cure time of 4 days, all at 20°C. 

The cured sealant has very low water transmission, high resistance to thermal oxidation 
and sunlight, a high elongation of 1000%, low modules of elasticity (in order to minimize 
stress on the adhesive bond to the substrate), and good adhesion to glass and stainless 
steel, with cohesive rather than adhesive failure occurring after accelerated aging. . 



A light valve consisting of: 
two cover layers, 

at least one of which is transparent, 

and an optically active layer between these cover layers, 

with the optically active layer consisting of : 

a polymer which may be a copolymer, 

and a solvent which may be a mixture of solvents, 

with the polymer reversibly precipitating from the solvent upon heating to some temperature, 

thereby reversibly turning the optically active layer from transparent to opaque, 

with the polymer made by polymerizing one or more monomers together in the solvent, 

and with the monomer being at least 20% soluble in the solvent at a temperature far enough below 

the precipitation temperature of the polymer/solvent solution that the heat of polymerization does not 

raise the temperature of the solution to it's precipitation temperature. 



13 



■60*1*61 ± 3. **. JL . OWflM Q 3 



TZZZ2ZZZZZ2 





P//I for 3 ^ jfichjiypico^l 




Covey S^e^i" 
cav/fy 



14 



/ 

z 

3 

4 
5 



A 

2. 

I 

I 

•z 

I 



H ° 

V M 

- c - c- 

H 



A/ 



3 

z 
i 

6 
I 

I 



C 

o 

o 
o 

I 

I 
I 

2 



DM A 
TB /? 

D £ M 



4 



Typical fioy I cltv* ! d c Mo7i<?^e>5 



IS 



9\ 6C8 a fri&J.Ji«*3L ..«a*M3*SW33 



o: ct 

fto ca CO 

f-l_ I — >— 

** N 0 




• | * s s s s « .a a • 

.1 '•- • 



This Page is inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
. original documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 
^ BLACK BORDERS 

yf IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
j& FADED TEXT OR DRAWING 

□ BLURED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

ft COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REPERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning documents will not correct images 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 



